There are several ways in which cognitive and neurophysiological parameters have been consistently used to explain the variability in cognitive ability between people. However, little has been done to explore how such cognitive abilities are influenced by differences in personality traits. Dispositional mindfulness and anxiety are two inversely linked traits that have been independently attributed to a range of cognitive functions. The current study investigated these two traits in combination along with measures of the attentional network, cognitive inhibition, and visual working memory (VWM) capacity. A total of 392 prospective participants were screened to select two experimental groups each of 30 healthy young adults, with one having high mindfulness and low anxiety (HMLA) and the second having low mindfulness and high anxiety (LMHA). The groups performed an attentional network task, a color Stroop task, and a change detection test of VWM capacity. Results showed that the HMLA group was more accurate than the LMHA group on the Stroop and change detection tasks. Additionally, the HMLA group was more sensitive in detecting changes and had a higher WMC than the LMHA group. This research adds to the literature that has investigated mindfulness and anxiety independently with a comprehensive investigation of the effects of these two traits in conjunction on executive function.
INTRODUCTION
Differences in personality traits have a consequential influence on cognitive abilities and quality of life. Most previous studies have investigated the impact of traits on cognitive functions by employing subjective self-report measures (Dobson, 2000; Walsh et al., 2009; Rammstedt et al., 2016) . Nevertheless, some recent studies have explored how such variability in traits might affect higher order executive functions, which can be defined as a set of regulatory mechanisms necessary for general-purpose control of behavior (Miyake and Friedman, 2012) , such as the efficiency of the attentional network (Pacheco-Unguetti et al., 2010; Tanaka et al., 2013; Di Francesco et al., 2017) , conflict monitoring (Bishop, 2009) , and VWM capacity (Moriya and Sugiura, 2012) . Dispositional mindfulness and anxiety are two predominant traits that have largely been studied independently and shown to have an impact on several cognitive tasks (Dobson, 2000; Pacheco-Unguetti et al., 2010; Quickel et al., 2014; Di Francesco et al., 2017) . Mindfulness can be regarded as a naturally occurring capacity which facilitates attending to the experiences of the present moment in a non-judgmental way (Kabat-Zinn, 1990; Brown and Ryan, 2003; Bishop et al., 2004) . Anxiety, in comparison, has been described as an emotion that negatively affects top-down processing in executive functions and enhances susceptibility toward irrelevant salient stimuli (Eysenck and Calvo, 1992; Eysenck et al., 2007; Moser et al., 2012) .
There are two correlational self-report studies which seem to suggest an inverse relationship between mindfulness and anxiety, in one case in a non-clinical population (Coffey and Hartman, 2008) and in one case in a clinical group (Desrosiers et al., 2013) . Both studies seem to suggest that mindfulness may be mediated through different emotion regulation strategies such as worry, reappraisal, non-acceptance, and rumination with these strategies acting like a 'buffer' for anxiety levels and it is suggested that this might result in attenuation of the psychopathology associated with anxiety (Coffey and Hartman, 2008; Desrosiers et al., 2013) . In other words, any impairment in mindfulness capacity may lead to malfunctioning in emotion regulation pathways and may lead to anxiety, although it should be remembered that anxiety as an emotion and emotion regulation are two different constructs (Cisler and Olatunji, 2012) .
Anxiety can be characterized as a defensive behavior in response to a potential threat and may bring about sympathetic arousal affecting physiology, behavior, and cognition. This is mainly governed by the amygdala (Davis, 1992; Barlow, 2004; Lipp, 2006) . Anxiety can impair cognitive efficiency even in the absence of threat stimuli, with one explanation of this offered by the attentional control theory (Eysenck et al., 2007; Berggren and Derakshan, 2013) . Emotion regulation is related to effort to change the emotional state in order to employ approaches meant to generate explicit behavioral and cognitive responses and is principally controlled by the PFC and functionallylinked surrounding brain areas (Quirk et al., 2006; Quirk and Mueller, 2008) . A large body of literature suggests that functional connectivity between PFC and amygdala facilitates emotion regulation (Davidson, 2002; Creswell et al., 2007; Frewen et al., 2010) and is involved in monitoring impairments in performance due to threat-induced anxiety (Davidson, 2002; Gold et al., 2015) . There are several studies that have shown that PFC also plays a critical role in executive functions (e.g., Miyake et al., 2000; Tang et al., 2010; Teper and Inzlicht, 2013) . The above studies suggest that executive function and emotion regulation share common or interconnected brain regions. There is also very limited empirical evidence about how differences in levels of mindfulness, which also reportedly modulate emotion regulation strategies (Desrosiers et al., 2013) , may alter cognitive performance.
The emotion regulatory model (Coffey and Hartman, 2008; Desrosiers et al., 2013) , which suggests a mediating interaction between mindfulness and anxiety, has been strengthened by two electrophysiological reports that indicated trait mindfulness (Brown et al., 2013) and trait anxiety (Mocaiber et al., 2009) could predict variability in the amplitude of the late positive potential (LPP) electroencephalographic event-related potential component, an objective index of an emotional response. Brown and colleagues found that individuals with high mindfulness scores showed smaller LPP amplitudes in response to high arousal unpleasant stimuli than did individuals with low mindfulness, whereas Mocaiber et al. (2009) observed high trait anxiety individuals had higher LPP amplitudes than did low trait anxiety individuals. Thus, a smaller amplitude of LPP as a function of trait mindfulness (Brown et al., 2013 ) and higher amplitude of LPP among individuals with trait anxiety (Mocaiber et al., 2009) seems to suggest an inverse relationship between these two traits. However, this does not necessarily demonstrate any reciprocal relationship. Moreover, the link between dispositional mindfulness and trait anxiety through emotion regulation is supported by two neuroimaging studies (Etkin et al., 2004; Way et al., 2010) . In the study by Etkin et al. (2004) , a higher level of trait anxiety was predictive of elevated amygdala activity, while Way et al. (2010) observed that higher mindfulness was associated with lower amygdala activity.
Considering the above mediational, electrophysiological, and fMRI evidence leads the current research to follow the proposal that mindfulness and anxiety may be mediated by the emotion regulation system (worry, reappraisal, non-acceptance, and rumination) through which they may interact in an antagonistic manner (Coffey and Hartman, 2008; Greeson and Brantley, 2009 ). However, it cannot necessarily be generalized that the amygdala is the only neural substrate facilitating any resilience or beneficial effect relating to elevated mindfulness or a lowered anxiety level, as it is functionally heterogeneous in nature, and can be activated by many other factors (Díaz-Morán et al., 2013) . Broad trait constructs such as mindfulness and anxiety have often been reported to interact with other brain areas such as the PFC (Creswell et al., 2007; Bishop, 2009) , anterior cingulate cortex (Tang et al., 2010; Klumpp et al., 2012) , and the posterior parietal lobe (Berryhill and Olson, 2008) , areas that have roles in a range of executive functions such as selective attention, conflict control and WMC amongst others (Miyake et al., 2000; Gallant, 2016) .
There are several studies on executive functions that have explored how trait mindfulness (e.g., Di Francesco et al., 2017) or trait anxiety (e.g., Bishop, 2009; Pacheco-Unguetti et al., 2010; Moriya, 2016) independently affect the performance of cognitive tasks. However, there is a lack of behavioral studies that might further establish the nature of any association between the two traits. Hence, there are potential limitations in studies which account for effects of either dispositional mindfulness or anxiety independently.
The current study is an attempt to explore the nature of the association between the two traits by proposing that dispositional mindfulness and trait anxiety are usually, but not necessarily always, closely linked and investigate the combined impact on three major domains of executive functions when they are linked: conflict monitoring, inhibition, and working memory. Given the evidence for a frequent link between mindfulness and anxiety, defining groups based on a combination of the two factors should (1) provide groups with distinct or nonoverlapping characteristics, so giving a better idea of the cognitive functions that are affected by mindfulness/anxiety and (2) allow comparison with previous findings where groups were defined on just one of these factors. From previous correlational studies (Coffey and Hartman, 2008; Desrosiers et al., 2013) , it was expected that individuals with HMLA or LMHA would be more common than individuals with high mindfulness, high anxiety or low mindfulness, low anxiety in a normal sample of the population. Therefore, we proposed that comparing the two groups of participants would be more informative about the seemingly common factor underlying both HMLA (or the opposite).
Pertaining to the impact of personality traits on behavioral performance, Di Francesco et al. (2017) observed that the modulation of three networks of attention (Fan et al., 2002) could be predicted by different facets of mindfulness, whereas in a study on trait anxiety Pacheco-Unguetti et al. (2010) observed that only executive networks seemed to be modulated by trait anxiety, with there being no effect on alerting and orienting networks. In addition to differences in constructs of mindfulness and anxiety, it is also possible that these differences in behavioral performance are due to definition of the groups investigated in relation to a single trait (i.e., mindfulness or anxiety). It would be beneficial to investigate how these attentional networks are modulated by mindfulness and anxiety in conjunction. In addition, neither of these reports evaluated the secondary performance measure of the ANT task (Fan et al., 2002) , which is accuracy rate. A recent cross-sectional (Jo et al., 2016) study that employed ANT did not observe any group differences (between meditators and control) on three attentional networks, but did see that the meditator group accuracy was higher than the control group. The current study also aimed to investigate this additional measure of performance on the ANT even though accuracy rate is a more general measure of attention (Prinzmetal et al., 2005) controlled by motor areas (Heitz and Schall, 2012; Tarrasch et al., 2017) rather than specific executive control which is mostly governed by prefrontal areas (Kane and Engle, 2002) .
It has also been observed that there are very few studies which have looked at how cognitive inhibition is affected by either mindfulness or anxiety, either independently or in conjunction (Moore and Malinowski, 2009 ). In their crosssectional meditation research, Moore and Malinowski (2009) observed that irrespective of whether a participant was a meditator or a control participant, their error rate on a CST (Stroop, 1935) negatively correlated with global mindfulness scores, although meditators showed a lower error rate than the control group. The color Stroop paradigm does not require processing of any affective information during task performance, but still can test cognitive conflict. This makes this task suitable to measure the structure and stability of cognitive control independent of circumstances. As suggested by Eysenck et al. (2007) , if a non-threatening stimulus can act as an effective distractor (i.e., the color words in the CST), it is possible to better generalize the theory under investigation from findings from such a task. Thus, the current study employed a CST to measure the cognitive inhibition aspect of executive control, in addition to accuracy measure for general attention.
Several studies have looked into how mindfulness interventions enhance WMC (Jha et al., 2010; Mrazek et al., 2013) . Although there are some studies which have looked into how anxiety may affect WMC (Darke, 1988; Moriya and Sugiura, 2012) there is a limited number of studies which have looked at how WMC can be influenced by trait mindfulness (Vines, 2014) . In the first of these, Vines (2014) did not observe any effect of dispositional mindfulness on WMC. Although Darke (1988) reported highly anxious people showed a lower WMC, this contrasts with the study by Moriya and Sugiura (2012) that found that highly socially anxious people showed a higher WMC.
These differences in findings might be due the fact that either these studies employed different paradigms [an operation span task in the case of Darke (1988) and a change detection task in the case of Moriya and Sugiura (2012) ] or different questionnaires to measure anxiety. The operation span task (Unsworth et al., 2005) provides a measure of verbal working memory whereas the change detection task (Luck and Vogel, 1997) estimates visuo-spatial WMC. Nevertheless, the possibility of the difference in the above findings being due to differences in paradigms could be overruled, as anxiety has been suggested to negatively affect both constructs (verbal and visual) WMC (Moreno et al., 2015; Moran, 2016) . Differences in the constructs of anxiety being investigated in both these studies could be a primary reason for differences in observations. The study by Moriya and Sugiura (2012) employed a social anxiety questionnaire (in this case the STAI-State) (Spielberger et al., 1970) was used as measure of social anxiety) while Darke (1988) administered the Test Anxiety Scale (Wine, 1971) . Moriya and Sugiura (2012) argued that socially anxious individuals could have high VWM capacity. However, according to the attentional control theory (Eysenck et al., 2007) , anxiety impairs the processing of target relevant information and therefore results in limited WMC, in line with a number of previous studies (see Moran, 2016 , for a review). Taking the above findings into account, the present study employed the STAI-Trait (Spielberger et al., 1970) questionnaire to measure the level of trait anxiety. Moreover, the current study mainly focused on the visual and spatial domains of attention as reflected by the tasks chosen above, so employed a change detection task rather than an operation span task to further assess the relationship between mindfulness/anxiety and WMC.
Performance on three cognitive tasks, the ANT (Fan et al., 2002) , the CST (Stroop, 1935 ) and a change detection task (Luck and Vogel, 1997) , was investigated to assess how two combined traits (mindfulness and anxiety) may affect three important domains of executive function: conflict monitoring, cognitive inhibition, and WMC respectively (Miyake et al., 2000; Fan et al., 2002) . As suggested by Miyake et al. (2000) , executive functions, such as the ability to maintain target information over time (WMC) with simultaneous selective attention to competing information in the environment (conflict control), plays a critical role in the completion of complex higher order cognitive tasks. Furthermore, it has been demonstrated that dorsolateral PFC plays a critical role in maintenance of WMC, as well-having a role in selective attention, consistent with WMC and selective attention having a structural as well as a functional connection (see Kane and Engle, 2002 , for a review). Additionally, another previous study (Long and Prat, 2002) showed that high WMC individuals showed a strong Stroop effect only when the incongruent stimuli were infrequent. Low WMC individuals, in contrast, showed a stronger Stroop interference effect that was not related to the proportion of these trials. Selective attention and Stroop interference seem to both interact with WMC. Hence, the ANT, CST, and change detection tasks were employed in the current study to test the efficiency of the selective attentional network system, cognitive inhibition, and WMC, respectively.
A range of cross-sectional and longitudinal meditation research has reported meditators having a higher level of mindfulness and that this may facilitate behavior as well as aspects of brain plasticity (Tang et al., 2007 (Tang et al., , 2012 Manna et al., 2010; Baijal et al., 2011; Srinivasan and Singh, 2017) . There is also convergent evidence from meditation training and cross-sectional studies showing that meditators show reduced symptoms of anxiety compared to control groups or conditions (Kabat-Zinn et al., 1992; Hofmann et al., 2010) . It should be noted, however, that individuals with varying degree of mindfulness or anxiety and meditators are distinct populations.
Based on previous reports from meditation research and assumptions made above, we aimed to primarily look at cognitive differences, if any, associated with trait levels of mindfulness and anxiety in conjunction. It was tested whether individuals selected on the basis of objectively defined selection criteria based on the two inversely correlated personality traits of mindfulness and anxiety showed different behavioral performance. This current study is correlational in design, comparing differences in executive functions between the two groups (HMLA and LMHA). As such, there is no experimental manipulation, neither with respect to mindfulness nor to anxiety, as it mainly focuses on exploration of the implications of mindfulness and anxiety as trait measures. In addition, sex as a factor was evaluated merely to check for invariance. The hypotheses investigated were that individuals with HMLA would perform better on the ANT (Tang et al., 2007; Jo et al., 2016) , a CST (Moore and Malinowski, 2009; Teper and Inzlicht, 2013) and on a VWM change detection task (Jha et al., 2010; Zeidan et al., 2010) than those with LMHA. It was also predicted that for the ANT the HMLA group would show faster reaction times and higher accuracy rates than the LMHA group, and for the CST, the HMLA group would show smaller differences in reaction times (i.e., less of a Stroop effect) and higher accuracy rates than the LMHA group. Similarly, for the change detection task, the HMLA group was predicted to show higher accuracy rates, higher sensitivity in detecting changes and a higher WMC than the LMHA group.
MATERIALS AND METHODS

Participants
An advertisement for recruitment was placed on a Facebook group page (NCU TALK) of National Central University, Taiwan, between July 2016 and December 2016. The prospective participants (N = 392) filled in two online questionnaires; the Chinese versions of the MAAS (Brown and Ryan, 2003; Chang et al., 2015) and the STAI-Trait (Spielberger et al., 1970; Shek, 1993) . There were some exclusion criteria for participants such as a requirement that they should not have any prior experience of any style of meditation (mindfulness, Zen, Tai Chi, Qi Gong, and Yoga). There was also an age limit with a range from 18 to 30 years old. Potential participants undergoing psychiatric treatment, pharmacological treatment, or with any neurological disease were excluded. The selection procedure for the participants is described below.
Double Selection Criteria
The participants were categorized by employing a mean ± standard deviation criterion rather than using median split analysis (MacCallum et al., 2002) . It has been argued that it is inappropriate to consider that values just above or below the median, as would be the case for many individuals when a median split categorization is used, are meaningfully different from each other. Additionally, it can be quite difficult to delineate an effect that already exists using such a split (Aiken et al., 1991; McClelland et al., 2015) . For instance, there are two independent studies on trait mindfulness in which one reported that dispositional mindfulness could successfully predict emotional reactivity (Brown et al., 2013) , while other reported that it could not (Cosme and Wiens, 2015) . Therefore, in the current study we adopted a mean ± SD criteria to categorize individuals into groups according to mindfulness and anxiety levels.
A total of 392 people (215 females) responded to the advertisements and completed both questionnaires mentioned above. The theoretical range (minimum-maximum) for mindfulness scores was 15-90 and for trait-anxiety scores was 20-80. The average mindfulness score for the entire sample pool was 61.6 with SD of 10.6, while the mean trait anxiety was 46.6 with a SD of 9.2. There were no overall sex differences for trait mindfulness scores (males: 62.2 ± 10.2; females: 61.6 ± 11.0; t = 0.548; p = 0.584) or for trait anxiety scores (males: 46.7 ± 9.5; females: 46.2 ± 9.0; t = 0.526; p = 0.599). There was a significant negative correlation between the two questionnaire scores (r = −0.490, p < 0.0001). The subjects were selected for the HMLA if their MAAS scores (α = 0.860) were greater than or equal to 70 (mean + 0.85 SD) and STAI-Trait scores (α = 0.880) were less than or equal to 39 (mean: 0.85 SD). If their MAAS scores were less than or equal to 53 (mean: 0.85 SD) and their STAI-T scores greater than or equal to 54 (mean + 0.85 SD) they were assigned to the LMHA. The other combinations of these measures gave high mindfulness and high anxiety (HMHA) individuals and low mindfulness and low anxiety (LMLA) individuals, with the rest of the prospective participants lying in an 'intermediate' group. This resulted in the following numbers of participants: HMLA (46 individuals), HMHA (9 individuals), LMLA (3 individuals), LMHA (38 individuals), and intermediate (296) ( Table 1) . As expected, the numbers of HMHA and LMLA groups were too low to be statistically compared to the groups for the HMLA and LMHA. Hence in the current study only two groups, the HMLA group and the LMHA group, were investigated for cross-sectional differences in behavioral performance, with the distributions of genders balanced for each group.
Initially a ±1 SD criteria was used to place the subjects in two experimental groups, but this did not result in a sufficient number of subjects to reach an acceptable level of statistical power (with a desired power of 80% or above). We therefore reduced the threshold to ±0.85 SD to include sufficient subjects in the experimental groups. In general, many statistical books recommend recruiting at least 25 subjects to reach a valid significance level and, in addition, we wanted to have both experimental groups matched in as many as dimensions possible, as recommended by Davidson and Kaszniak (2015) . We also kept an equal number of females and males in both groups, primarily as this was not a factor of interest. Another limitation when assigning participants to experimental groups was that there were some participants from both groups those were unwilling to take part in the experiment, generally due to time constrains. Since we had three behavioral tasks under investigation in a counter-balanced order, meaning we had always six combinations of orders of tasks, we kept the number of subjects in each group as a multiple of 6, resulting in 30 participants per group. Thus, there was a total of 60 participants (30 HMLA and 30 LMHA individuals) who completed the entire experimental procedure. Although no statistically valid comparisons could be made for the HMHA and LMLA groups, it may have been beneficial to consider data from these groups to some degree. However, this was not possible as all three participants in the LMLA group declined to participate.
The final experimental groups were 30 individuals in the HMLA group (15 females; mean age = 21.13 years, SD = 1.28 years; MAAS mean score = 74.7, SD = 3.1; STAI-T mean score = 33.8, SD = 3.6) and 30 participants in the LMHA group (15 females; mean age = 20.76 years, SD = 1.92 years, MAAS mean score = 44.7, SD = 7.4; STAI-T mean score = 60.4, SD = 5.2). All the participants had normal vision or corrected-to normal vision. The data of one outlier participant was excluded during analysis (the HMLA group) because his/her WMC was more than 2 SD from the group mean.
Each participant gave written informed consent in accordance with the Declaration of Helsinki before participating in the experiment. All the experimental procedures were approved by the Institutional Review Board of National Taiwan University, Taipei, Taiwan.
Task Procedure
The subjects completed a battery of supplementary questionnaires (Chinese versions): FFMQ (Baer et al., 2006; Lee and Chao, 2012) , a comprehensive measure of mindfulness; STAI-State (Spielberger et al., 1970; Shek, 1993 ), a measure of the level of anxiety at the given moment; BIS-11 (Patton et al., 1995; Huang et al., 2013) , to quantify different kinds of impulsivity; and PSS-10 (Cohen et al., 1994; Wang et al., 2011) , to measure the stress perceived by participants before they began the experiemnt. The FFMQ questionnaire measures five facets of mindfulness; acting with awareness, non-reaction to inner experience, nonjudgment of inner experiences, observing inner experiences, and describe inner experiences. The BIS-11 questionnaire provides measures of three kinds of impulsivity; attentional, motor, and non-planning. These supplementary questionnaire responses were collected to investigate any additional indices which might be related to cognitive performance beyond the mindfulness/anxiety links that were the primary focus of the study.
All participants performed three cognitive tasks: an ANT (Fan et al., 2002) , a CST (Stroop, 1935; Teper and Inzlicht, 2013) , and a VWM (Luck and Vogel, 1997) . Tasks were performed in a counter-balanced order across participants in both groups with a break of at least 2-5 min between the presentation of each. After completing the tasks, participants were either compensated with money or assigned course credits. 
Stimuli and Task Performance
All the stimuli were presented, and data were acquired using an IBM-compatible PC connected to a 23-inch LCD monitor and using Psychtoolbox-3 for MATLAB. The distance between the screen and participant was 60 cm.
Attentional Network Test (ANT)
The ANT paradigm was adapted from a study by Fan et al. (2007) . A fixation cross was presented at the center of the screen for a variable period from 400 to 1600 ms. It was followed by appearance of a cue of one of the following types for 100 ms; a spatial-cue either above or below the fixation cross, a center-cue in place of the fixation cross, or no-cue at all. In the subsequent target presentation, an arrow horizontally flanked by two nontarget arrows on each side was presented 500 ms after the onset of the cue. Depending on the direction of flankers relative to the target arrows, the target condition was either congruent (flankers in the same direction as the target) or incongruent (flankers in the opposite direction to the target). All the stimuli were black presented against a white background (luminance 200.5 cd m −2 ). A single arrow in the target stimuli spanned a visual angle of 0.55 • and adjacent arrows were separated by 0.06 • of visual angle. One entire target stimulus had a total width of 3.08 • of visual angle (Fan et al., 2002) . This task was performed under normal lighting in a closed room. Participants were instructed to press designated keys according to the direction of the central arrow, 'v' for left and 'm' for right. They were asked to respond as fast and as accurately as possible and the target remained on-screen until they made a response or for a maximum period of 1700 ms, whichever occurred first. After 24 practice trials, they began the formal task that was comprised of a total of 288 trials with an equal proportion of target conditions (144 each for congruent and incongruent trials) and an equal proportion of cue conditions (96 each of no-cue, central cue, and spatial cues).
Color Stroop Task (CST)
The CST paradigm was adapted from Teper and Inzlicht (2013) and used Chinese characters for different colors [red ( ), green ( ), blue ( ), or yellow ( )]. There were two types of targets. The first was a congruent target in which the color used to display the character matched its semantic meaning, and the second was an incongruent target, in which the word meaning and display color did not match. Each target stimulus was presented against a black background (2.6 cd m −2 ) at the center of screen within a rectangular area of 1.43 • × 1.62 • of visual angle. Participants had to identify the color used to display the characters and ignore the word meaning, responding by pressing the corresponding keys ('d, ' 'f, ' 'k, ' and 'l') on a keyboard which had keys labeled with the colors. A single trial consisted of appearance of a fixation cross for 500 ms followed by the target character displayed for 200 ms. The participants were asked to respond as fast and as accurately as possible. There was a maximum 1000 ms duration for response collection with a blank screen that remained until they either pressed any key or until the time limit was reached. There was also a 1000 ms interval between trials and a total of 432 trials with a 2:1 ratio of congruent and incongruent conditions, which were pseudo-randomly distributed in such way that there were no more than three trials of an identical type in a row. Participants were given 72 practice trials before they began the formal experiment. The CST experiment was conducted in a closed dark room.
Visual Working Memory Task (VWM)
To assess the VWM capacity of both groups, a frequently used change detection paradigm (Luck and Vogel, 1997) was adapted and employed. Every trial began with a central fixation cross that was presented for 1000 ms, followed by a memory array comprised of 2, 4, or 8 colored squares presented in a random order and from a pool of highly discriminable colors (red, blue, violet, green, yellow, black, and white) and displayed for 100 ms. There was a blank display for a retention interval of 800 ms, succeeded by a test array with the same number of colored squares as in the memory array. Each of the colored squares in the stimulus arrays was of size 0.65 • × 0.65 • degrees and they were distributed within a 9.8 • × 7.3 • rectangular region. The distance between any two adjacent squares from center to center was at least 2 • . There was a total of 288 trials with half of the trials with a change and half with no change. All three set sizes were presented equally frequently (96 trials for each set sizes) and for all 144 change trials there was an equal probability of change occurring in the left or right visual field. The participants had to detect and respond indicating if they thought the memory and test arrays were different or identical by pressing the '1' or '2' key, respectively. Before the formal experiment, each participant received 36 practice trials. In this paradigm directional cues were absent, so subjects were not given any visual field specific instruction about where to attend. All the stimuli were presented against a gray background (40.5 cd m −2 ) and the task was performed in a dimly lit closed room.
Data Analysis
The two groups (HMLA and LMHA) and sexes (male and female) served as independent variables for the entire study. For analysis of variance (ANOVA), although it was not a factor of general interest for the analysis (and the number of participants of each gender was consequently lower than if this were to be investigated meaningfully) sex was included to check invariance. All the variables in each experiment were tested for normality using the Shapiro-Wilk test. Given the nature of tasks, we observed the accuracy rate in ANT and CST showed a high significance for this test, i.e., the data were non-normally distributed. We therefore employed non-parametric statistics (MWU) for the analysis of accuracy rates in these two tasks. For the VWM task, and in line with the recommendation of Rouder et al. (2011) , to analyze WMC and other dependent variables, we dropped the analysis of the small set size condition (set size 2). To perform both parametric and non-parametric tests as appropriate, we used in-built syntaxes in SPSS software (PASW Statistics 18.0.0). In all statistical analyses, corrections for multiple comparisons employed Holm-Bonferroni corrections (Holm, 1979; Gaetano, 2018) as appropriate. All the effect sizes (Cohen's d) (Cohen, 1988) and power analysis (1-β) were measured using version 3.0.10 of the G * Power software (Faul et al., 2007) . The effect sizes for the MWU are reported as Cohen's r (Mayers, 2013) .
Variables Analyzed for the Attentional Network Test
The efficiency of the attentional network was measured using the reaction time (RT) subtraction method (alerting score = no-cue RT -center-cue RT; orienting score = center-cue RT -spatialcue RT; conflict score = incongruent target RT -congruent target RT) . The two groups were compared using independent t-tests on the above three network scores. For ANOVA, original RT measures (within subject factors), not the differences in RT measures (as described above) were employed according to previous studies (Fan et al., 2002; Jo et al., 2016 ). The accuracy rates under different cue and target conditions were analyzed by MWU. The primary behavioral measures of the ANT were alerting, orienting and conflict scores.
Variables Analyzed for the Color Stroop Task
The Stroop effect was measured by subtracting reaction times for the congruent target condition from that of the incongruent target conditions (within subject factors) (Stroop, 1935) . The two groups were compared using independent t-tests on the Stroop effect. For ANOVA original RT measures, not the differences in RT measures (as described above) were employed according to previous studies (Fan et al., 2002; Jo et al., 2016 ). The accuracy rates under different target conditions were analyzed by MWU. The primary behavioral measures of the CST was the Stroop effect.
Variables Analyzed for the Visual Working Memory Task
The dependent variables for the VWM task were accuracy rate, d prime, and Kp for each set size of the task. Since RT measures for VWM task were not of critical importance, they were not analyzed or reported. D-prime values were calculated using the formula d = z(Hit rate) -z(False Alarm rate). WMC was measured using Kp (Pashler, 1988) , appropriate for a wholedisplay tasks and employing the formula: Kp = Set Size * [(Hit rate -False Alarm rate)/(1-False Alarm rate)] (Rouder et al., 2011) . All the variables (accuracy rate and Kp values) except d-prime were found to be normally distributed for set sizes 4 and 8 (within subject factors). D-prime values were Box Cox power transformed (Box and Cox, 1964) using R Studio (version 1.0.136) such that the transformed values were reasonably normally distributed. The two groups were compared using independent t-tests on accuracy rate (index of general attention), d-prime values (index of sensitivity), and Kp values (index of WMC). The primary behavioral measures for the VWM task were Kp-4 and Kp-8 values, indexing WMC for set size 4 and set size 8.
RESULTS
Attentional Network Task (ANT)
A mixed four-way ANOVA was conducted on RTs for cue and target types, where group (HMLA versus LMHA) and sex (male or female) served as between subject factors, while cue types (no-cue, center-cue, and spatial-cue) and target types (congruent versus incongruent) served as within subject factors. This showed a significant main effect of cue [F = 533.218 Table 2) .
The Independent MWU test was performed on accuracy rate for each cue and target type combination to compare the accuracy rate between the two groups. This did not show any significant difference between the two groups for any of the cue-target combinations (Table 3) .
Color Stroop Task (CST)
A mixed three-way ANOVA was conducted on RTs where group (HMLA versus LMHA) and sex (male or female) served as between subject factors, while target type (congruent versus incongruent) was a within subject factor. ANOVA of RTs showed a main effect of the target [F = 229.340 and statistical powers (1-β) on RT measures for the congruent target were 0.25 and 0.16 respectively, while effect sizes (d) and statistical powers (1-β) for the incongruent target were 0.10 and 0.07 respectively. An independent t-test on Stroop effect showed no significant difference between the two groups (HMLA group 98.55 ± 9.15 ms, LMHA group 89.51 ± 8.18, t = 0.738, p = 0.463).
The accuracy rate analyzed using the MWU test showed that the HMLA group performed the task more accurately than the LMHA group for both the congruent and incongruent conditions (Figure 1 ).
Visual Working Memory Task
A mixed three-way ANOVA, where group (HMLA versus LMHA) and sex (male or female) served as between subject factors and set sizes (4 and 8) served as a within subject factor, was performed on accuracy rate, There was no significant three-way interaction between set size, sex, and group [F = 0.468, p = 0.497]. Further, post hoc t-tests on the interaction between sex and group revealed that only male participants of the HMLA group showed significantly higher transformed d-prime values than those in the LMHA group for set size 4 (HMLA group: 1.053 ± 0.062; LMHA group: 0.601 ± 0.115; t = 3.449, p = 0.002) and for set size 8 (HMLA group: 0.609 ± 0.199; LMHA group: −0.063 ± 0.096; t = 3.109, p = 0.004). There was no such difference for females either for set size 4 (HMLA group: 0.949 ± 0.093; LMHA group: 0.871 ± 0.119; t = 0.516, p = 0.610) or for set size 8 (HMLA group: 0.129 ± 0.102; LMHA group: −0.013 ± 0.122; t = 0.815, p = 0.442). Additionally, post hoc independent t-tests for the interaction between sex and set size did not indicate significant differences between males and females in transformed d-prime values on set size 4 (males: 0.819 ± 0.078; females: 0.909 ± 0.074; t = −0.839, p = 0.405) or on set size 8 (males: 0.261 ± 0.123; females: 0.063 ± 0.079; # MWU-test * p-value < = 1.000 < = 1.000 < = 1.000 < = 1.000 < = 1.000 < = 1.000 * p-Values reported here are after Holm-Bonferroni corrections. # Non-parametric test.
FIGURE 1 | Median Accuracy rate (%) on the CST in congruent and incongruent conditions. Error bars represent bias corrected 95% confidence intervals. The MWU showed that the HMLA group were better in accuracy in both the congruent (r = 0.349, p = 0.014) and incongruent (r = 0.316, p = 0.015) conditions. * p-Values reported here are after Holm-Bonferroni corrections.
Frontiers in Psychology | www.frontiersin.org Moreover, there was no three-way interaction observed for set size, sex, and group [F = 0.017, p = 0.896]. The independent t-tests showed significant difference between the two groups on both set sizes ( Figure 2C) . The effect sizes (d) for the Kp values under set size 4 and set size 8 target conditions were 1.04 and 0.48 respectively, while statistical power (1-β) under the set size 4 and set size 8 target conditions were 0.98 and 0.43 respectively.
Correlation Between Primary Behavioral Measures and Trait Mindfulness and Trait Anxiety
The participants of both groups (HMLA and LMHA) were pooled together in two categories based on their trait mindfulness and trait anxiety scores and investigated for the nature of the distribution of their primary behavioral measures (alerting, orienting and conflict scores for ANT, Stroop effect for CST and WMC for VWM) using Pearson's correlation. It was observed that, except for Kp-4 values, neither mindfulness nor anxiety was correlated with the distribution of primary behavioral measures (Table 4) . Further, a two-dimensional plot between mindfulness scores and Kp value for set size 4 showed a direct positive relationship (Figure 3A) , while the plot between anxiety scores and Kp value for set size 4 showed an inverse negative relationship ( Figure 3B ).
Supplementary Questionnaires
There was a total of 10 predictors (described in the procedures) estimated from supplementary self-report measures that were used as potential factors in an explanatory model that might describe variability in primary behavioral measures. The questionnaire scores: FFMQ (α = 0.896), STAI-state (α = 0.896), BIS-11 (α = 0.847), and PSS-10 (α = 0.919) were analyzed using multiple regression (stepwise) on primary behavioral measures of the three tasks (attentional networks for ANT, Stroop effect for CST and WMC for VWM) after pooling individuals ( Table 5) . As shown in the table, there were only a few independent variables that were related to the primary behavioral measures such as orienting, Stroop effect, and WMC under set size 4. The percentages of variance explained by these predictors on the behavioral measures were quite small (<20%).
DISCUSSION
The current research investigated whether differences in trait mindfulness and trait anxiety would be reflected in differences in cognitive functions in a normal, non-meditating population.
In the initial sample of 392 participants a strong negative correlation between trait mindfulness and trait anxiety in the sample pool was seen, consistent with prior reports (Coffey and Hartman, 2008; Desrosiers et al., 2013) . To our knowledge, this is the first study that has examined how two inversely related traits, dispositional mindfulness, and trait anxiety may have bearings on executive functions. We observed that the HMLA group individuals performed better than the LMHA group on the CST and the VWM tasks in terms of task accuracy, sensitivity, and WMC, but did not differ in reaction time measures. Interestingly, the interaction between sex and group on the change detection task indicated that only male participants differing in their mindfulness and anxiety scores showed an advantage in sensitivity as indexed by transformed d-prime values, but no such pattern was observed among the female participants. However, males and females did not differ in sensitivity for set size 4 or for set size 8, as reflected by post hoc t-tests on the interaction between sex and set size. In addition, there was a trend toward higher accuracy in the incongruent conditions of the ANT for the HMLA group than for the LMHA group. The current study did not observe any sex differences in the rating of anxiety for the overall sample pool or within the experimental groups. This was quite inconsistent with many previous studies that frequently report females showing higher levels of anxiety (e.g., McLean et al., 2011; Donner and Lowry, 2013) . A possibility of sampling error could be one reason for this observation (Assael and Keon, 1982; Dillman and Bowker, 2001) . However, this inconsistency in self-report could also be due to social-cultural differences. A recent study on depression in Taiwan observed no sex differences in depressive symptoms (Chang et al., 2013) . There was also a recent mediational study (Zalta and Chambless, 2012) in which, after controlling for stress and social desirability, no direct significant link between gender and anxiety was observed. Hence, invariance observed between sexes in the current study on self-report measures as well as on behavioral variables is plausible.
The supplementary self-report measures showed some of the behavioral measures such as orienting, Stroop effect and Kp value under set size 4 were indeed were moderated across the groups. However, the percentage of variance explained by the self-report measures was quite low (<20%), making it difficult to make any meaningful interpretation from this observation. An additional limitation while performing regression analysis was faced pertaining to the required sample size, with the minimum required sample size defined by a formula (Tabachnick and Fidell, 2007 ) N ≥ 50 + 8m (where m = number of predictors and N = sample size) (Mayers, 2013) that the current study could not fulfill (required sample size ≥ 130).
For the ANT, we did not observe any significant differences between the two groups in the efficiency of any of the three attentional subsystems, consistent with a previous cross-sectional study on meditation (Jo et al., 2016) . Although this previous study found that meditators showed an overall higher accuracy rate than control group, the current study did not find any significant differences between the HMLA and LMHA groups. There are two independent studies on dispositional mindfulness (Di Francesco et al., 2017) and trait anxiety (Pacheco-Unguetti et al., 2010) that have shown that these two factors modulate the efficiency of attentional networks. However, the current study is quite different in design from these two studies and did not see such an effect. This difference could also be due to the use of a modified version of the ANT-I (Callejas et al., 2004) in these two studies, which was done to study interactions between three networks. In ANT-I, a short, high-frequency auditory tone is presented as an alerting stimulus, whereas in the current study all cues were only presented visually. Although both studies had a comparable number of participants, the measures employed to estimate dispositional mindfulness could be another factor contributing to a difference in results. The current study employed a single questionnaire developed by Brown and Ryan (2003) , while Di Francesco et al. (2017) used a FFMQ (Baer et al., 2006) . Additionally, their analysis involved continuous correlation between behavioral performance and the facets of mindfulness scores, whereas in the current study two relatively extreme groups of individuals were selected and compared in terms of behavioral performance.
In the current study, for the CST our findings were in line with a previous cross-sectional study on meditation (Teper and Inzlicht, 2013) , in that we did not observe a group difference in the Stroop effect, although there was a pattern that the HMLA group were more accurate than the LMHA group. This observation also partially echoed the findings of Moore and Malinowski (2009) , where they observed that a high mindfulness score was correlated with a lower error rate and higher accuracy in both meditator and control groups. They further suggested that there is a relationship between dispositional mindfulness and cognitive inhibition. Several previous studies have employed emotional versions of the Stroop task to investigate the effect of anxiety and showed that anxious subjects had a greater Stroop effect on reaction time measures (de Ruiter and Brosschot, 1994; Becker et al., 2001 ). The current study, which did not require processing of affective information, did not observe such an effect. In terms of the general reaction time measure, the Stroop effect is the primary dependent variable which provides the measure of cognitive conflict (Miyake et al., 2000) and in which no differences were seen in the current study. However, the higher accuracy for the HMLA group than for the LMHA group indicates better overall general attention in HMLA group reflecting better motor control (Heitz and Schall, 2012; Tarrasch et al., 2017) .
Most of the previous WMC studies on meditation have employed either an operation span task (Jha et al., 2010; Mrazek et al., 2013) or a n-back task (Zeidan et al., 2010) , primarily focusing on the verbal storage system. To our knowledge the current study is the first to employ a change detection paradigm (Luck and Vogel, 1997) , providing a measure of visuospatial WMC in relation to mindfulness. However, one recent study has explored WMC using a change detection paradigm in relation to trait anxiety (Moriya and Sugiura, 2012) , but their observations were quite contrary to our current findings. They found that people with higher social anxiety had a higher WMC than those with lower anxiety, while the present research found otherwise. This difference in findings may be due to the way WMC was estimated in each study. In the present study WMC was estimated for set size 4 and set size 8 independently for two groups, in comparison with the previous study of WMC which used higher set sizes of 8 and 12 and which were averaged and compared for continuous correlation with social anxiety scores of participants. The literature suggests that human working memory has an optimum capacity of around 4 to 5 items (see the review of Cowan, 2010) . Thus set size 4 in the current study could serve as suitable index to discern differences in capacity of two different populations at around the expected capacity limit. The set size 8 could show the differences in capacity when it reaches at saturation point, near, at, or above the near upper limit of WMC (Todd and Marois, 2004; Luck and Vogel, 2013) . Therefore, the data here suggests that the HMLA group indeed had better WMC than the LMHA group even when demands on WM resources were higher. A higher WMC for both sizes 4 and 8 in the HMLA group indicates better ability in retaining visuo-spatial information for these individuals.
Another reason for difference in the current study from that of the Moriya and Sugiura (2012) could be due to the difference in the measures of anxiety used in the two studies, with Moriya and Sugiura (2012) measuring social anxiety, whereas the current study used a more general measure of anxiety, STAI-Trait. In the current study, a direct positive correlation between mindfulness scores and WMC as well as an inverse negative correlation between anxiety scores and WMC may further indicate that WMC is sensitive to personality traits.
The current study investigated two cross-sectional groups without any previous meditation experience. By recruiting participants without any prior meditation experience, it was possible that some of the difficulties associated with matching controls that can occur in meditation-related studies were reduced, although it should be noted that meditators and high-mindfulness individuals are by no means equivalent. By selecting subjects from a large sample pool based on a double selection criterion, we also reduced the likelihood of inclusion of individuals with overlapping traits due to reasons less linked to the mindfulness/anxiety association, so better characterizing effects presumably due to a more specific, emotion regulation pathway difference.
One major limitation of the current study is that the other two extreme groups from the sample population, HMHA and LMLA groups were not included. Unless the four groups are contrasted (LMHA, HMLA, LMLA, and HMHA), it is theoretically not possible to determine whether any of the effects detected are due to either a trait alone or in combination. Hence, it would be useful to investigate these groups in the future, although the numbers in the present study indicate that a potentially very large number of individuals would have to be screened for this to be plausible. Another important limitation of this research is that it is correlational and therefore cannot propose causative explanations and that the effects reported here may be a result of other factors. Additionally, although it was discussed how trait mindfulness and trait anxiety could be linked via emotion regulation strategy, the current study did not employ any objective measure that could account for differences in emotion regulation strategies between the two groups. Moreover, the current study did not have enough each sex in the experimental groups to observe any main effect of sex, or to rule out that there might be such an effect. Future research should ideally employ a larger sample size and explore the underlying fundamental mechanisms of emotion regulation and how any changes in such regulation strategies relate to levels of mindfulness and anxiety, and consequently to executive functions.
CONCLUSION
This study examined how mindfulness and anxiety together may affect executive control using the ANT, the CST, and a change detection task for two groups: one of HMLA individuals and one of LMHA individuals. Results showed the HMLA group were more accurate than the LMHA group on both congruent and incongruent conditions in the CST and also on the change detection task. Moreover, the HMLA groups were found to be more sensitive and had a higher WMC. The pattern of performance, and differences between the two groups, are in line with the suggested inverse link between mindfulness and anxiety having specific effects on cognitive measures. It is possible that the emotion regulation mechanism may be a common link between the two traits and future studies might beneficially explore how emotion regulation strategy may be associated with different cognitive functions. Also of benefit would be investigation of electrophysiological measure and adaptability associated with these two linked traits, potentially further revealing the underlying neural mechanism behind the behavioral differences observed here.
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